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CONTRIBUTIONS TO THE BIOCHEMISTRY OF 
PATHOGENIC ANAEROBES.’ 
IV. 
THE BIOCHEMISTRY OF BACILLUS HISTOLYTICUS. 
By CAPTAIN CEABLES GEORGE LEWIS WOLP, RAM.C., and SEBGWT 
JOHN EDMUND GW HARRIS, RA.M.C.(T.), Mi& Expdi- 
tbnuy POTCC, fiance. 
( A  R c p d  lo 6hr Medud Rammh Comm5#ss.) 
IN the first paper of this series (1917 we investigated the protein 
and carbohydrate metabolism of Bacillus p q e n c s  and Badlus mkhii. 
It was there shown that the former organism haa quite an unusual 
capacity for degrading protein to amino-acids and ammonia At the 
wme time, the two organisms produce large quantities of organic acids, 
of which butyric acid is the chief component. Small quantities of 
acetic acid are formed, and, in the case of B. sporogenes growing on 
milk, acids higher than butyric acid are produced. 
Among the organisms which are associated with “gas gangrene 
infections,” the one appearing to have the most destructive effect on 
tissue is B. histolyticua, described by Weinberg and Sdguin in October 
1916 (1916 6). 
That this organism is an important one is shown by the clinical 
histories which Weinberg and Skguin give. It was isolated in eight 
out of thirty where it waa eought, and it is worthy of remark 
that out of these eight cases, four underwent amputation and four 
died. It would appear, therefore, to be associated with “ gas gangrene 
infections ” of a virulent type. 
Experiments by WFinberg and Sdguin show that it possibly has 
a pronounced symbiotic-like effect, for doses of B. p.rfringcns and 
B. qorogena,  which in themselves were not lethal, were made 80 by 
the simultaneous injection of a non-lethal dose of B. histo2yth.s. “he 
lesions produced by this organism are, according to these authors, of 
the most violent character. A glucose-bouillon culture injected in 
a dose of 0.25 C.C. into the thigh of a guinea-pig produces so great 
l[Bsoeived Oatober 24, 1917.1 Contribution I. appearad in this Journsl, vol. xxi, 
p. 886 ; Contributions 11. and 111. will be found in the Bioehmied J m M ,  Cambridge, 
1917, vol. xi. pp. 197 and 215. 
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tiesue destruction, that in a short time all connection of the tibia with 
the femur is diesolved and spontaneous amputation occurs-the bones 
being completely denuded. There are no signs of putrefaction, nor is 
there formation of gas. The growth of this organism tends to confirm 
the belief that its protein-splitting powers are extensive, for, dis- 
tributed among the particles of an old cooked-meat culture, one finds 
bundles of white needles, which remind one of tyrosine, and are 
obviously an insoluble, amino-acid produced by proteolysis. 
Aa the question of the latent ‘period in “ gas gangrene infections ” 
appears to be connected in one of its phases with the amino-acid 
content of the substrate, it seemed to us important to devote some 
attention to an organism whose digestive action on protein is so pro- 
nounced. The strain which we used in the present investigation was 
procured from Captain R. Henry, R.A.M.C., and was originally 
isolated by M. Weinberg at the Institut Pasteur. It corresponds 
with the description originally given by Weinberg and SQguin, except 
that when grown for a long time on a large scale on cooked-meat 
medium, the odour of the growth is most’ nauseous. This is a late 
manifestation and is not found in young growths. In meat cultures 
hydrogen sulphide is produced, and eventually quite large quantities 
The methods used in the investigation of this organism were 
substantially those employed in our previous papers. In consideration 
of the intense proteolytio action of this organism, more attention was 
paid to its action on cooked-meat medium, which seems to form an 
ideal substrate for its growth. 
The following are the experimental results of the growth of this 
organism on various media. 
of gas. 
B. histolyticns on Milk. 
When inoculated into milk, B. histolyticus develops readily and 
causes the format-ion of considerable amounts of amino-acids and 
ammonia, together with acids and gas. For about eight days after 
inoculation there is very little obvious change in the milk. Then, as 
proteolysis proceeds, the milk becomes thinner and yellowish-brown in 
oolour, till finally, after three to four weeks, all that is left is a 
brownish fluid on which floats a light fatty scum. Very rarely did 
we observe the formation of a clot. On one occasion we noticed 
a faint smell of hydrogen sulphide in a milk culture, but the presence 
of this gas could not be proved. The fermented milk does not possess 
an offensive smell.. 
The growth of B. histolyticus on milk has some of the character- 
istics of B. sporogenes on this medium. While the gas production is 
not so great RE with the latter, one gets a certain similarity in the 
composition of the gas. There is, furthermore, the hydrolysis of 
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Amount of 
Amino- 
Nitrogen 
formed. 
Hgrme.per 
100 0.0. 
lactose, whereby the final concentration of sugar, as measured by the 
reducing power of the fermented liquid, is greater than that at the 
commencement. One also obtains similar ammonia values, but 
the quantities of amino-acids produced from the milk protein are much 
larger than one obtains with B. aporogenes. 
The production of volatile acids is of about the same order as with 
B. apurogenes. In an experiment of Wolf and Telfer (1917 ') with the 
Content oi Amount of Ammonia- 
Nitrogen 
formed. %t.gq~r ~ v . p e r  100 C.C. 
latter organism, the total volatile acid production was equivalent 
4'7.6 C.C. of N/10 alkali per 100 C.C. 
:!$ 
Table I. (EXPERIMENT 1). 
B. EISTOLYl'IOUS ON MILK. 
Content of 
Gaa. Amino- 
C.a per Nitrogen. 
Litre. Mgrms. per 
100 C.C. 
5 1  - 
46 4 1  
60 65 
~ 72 67 
81 76 
~ 87 82 
I I 
- 
86 
112 
178 
178 
... 
to 
Experiment 1 (LABORATOBY FEBMENTATION, No. 61). 
A quantity of milk was sterilised in the usual manner. 
For about eight days after inoculation there was no sign of growth. 
After inoculation, 
determinations were made of the proteolysis and gas production. 
The 
milk maintained its ordinary appearance, and there was no indication that 
gas was being produced, At the end of this time, however, the milk changed 
in appearance and separation began. Gas was also evolved, the production 
being easily noticeable at the end of the eleventh day. 
After sixteen days' fermentation, the liquid was examined for acids and 
bases. The midified medium was steamdistilled exhaustively until all the 
volatile acids were over. When the acids had baen removed, the l i q d  was 
made alkaline and the volatile base distilled off. This base was Bxamined and 
found to be ammonia. 
DATA. 
1600 C.C. of milk ; sbrilieed at 110" C. for forty-five minubs ; hoCulabd with H 6 ; 
Initid CmpositiorC of Medium- 
incubated at 37" C. 
Amino-nitrogen . . 5 mgrms. per 100 C.C. 
Ammonia-nitrogen . . ' 5 ,, ,, 100 ,, 
Lactose . . 8.72 per cent. 
cku Mudim- 
Volume of gss per litre of medium . . 328 C.C. 
Carbon dioxide . . 78.5 per cent. 
Hydrogen. . 21.6 ,, 
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Sugar (entimated gravimetrically, using Fehling's solutions)- 
Apparent mgar content after 288 hours . . 3.84 per cent. 
Apparent sugar content after 884 hours . . 5-90 ,, 
There was probably a hydrolysis of lactose which maeked the 
true value of the sugar. 
A m h 0 - M  F&h- 
Final content of amino-nitrogen . . 183 m p u .  per 100 C.C. 
Therefore 178 mgrms. of amino-nitrogen were formed per 100 C.C. 
Ammonia Formdun- 
Final content of ammonbnitrogen . . 87 mgrms. per 100 C.C. 
Therefore 82 mgrms. of ammonia-nitrogen were formed per 100 C.C. 
Final reaction of the milk . Pa=6'26. 
The initial reaction of the  milk wsa not measured, but the ordinary value for milk is 
sufficiently well known to enable one to see that the reaction of the milk had 
changed very little, if a t  all, during fomentation. 
VolatG~ A&- 
The total volatile acid formed was equivalent to 42.8 C.C. of an K/lO solution per 
100 C.C. 
A rough examination of the acids was made by Dyer's method (19172). There wan 
not enough mid for very complete testa, but sufficient was done to show the 
preaence of bntyric and acetic acids. 
I&nti@a.!wn of Volatile B w -  
Total base formed correeponded to 82 mgrms. of ammonia-nitrogen per 100 C.C. 
The distillate containing the base was neutrdiaed with hydrochloric acid and con- 
centrated. The dirty brown residue ww eublimed, and the white sublimate 
titrated rgainet standard silver solution. 
Weight of salt . . 0'6174grms. 
Made up to 100 C.C. with distilled water. 
10 C.C. of solution reqnired 11.15 C.C. of NjlO silver nitrate. 
Chlorine calculated in ammonium chloride . . =66*4 per cent. 
Chlorine found in salt . . =04'1 ,, 
Experiment 2 (LASOUTORY FERMENTATION, No. 62). 
This experiment was carried out in a Kjeldahl flask. After inoculation, 
the h s k  was exhausted and incubated for thirty days. At the end of this 
time the fermented liquid was analgsed and the gaa measured. 
DATA. 
330 C.C. of milk ; sbriliaed at  110" C. for forty-five minutes ; inoculated with H 14 ; 
Initid Cbmposition of Mediwn- 
incubated at  37" C. 
Totalnitrogen . . 448 mgrms. per 100 C.C. 
Amino-nitrogen . . 13 I ,  I ,  100 8 ,  
Ammonia-nitrogen 5 9 9  , I  100 I ,  
Proportion of total nitrogen originally present as am- 
monia and amino-acid nitrogen . . 4per cent. 
Initial reaction of milk . Px=6'16 
Gas Prddh- 
Volume of gas per litre of medium . . 140 C.C. 
Carbon dioxide . . 77 per cent. 
Hydrogen. . 23 $ 9  
Amino-acid Formdim- 
Final content of amino-nitrogen . . 150 m p s .  per 100 C.C. 
Therefore 137 mgrms. of amino-nitrogen were formed per 100 C.C. 
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Ammonia Formation- 
Finsl content of ammonia-nitrogen . . 68 mgrme. per 100 C.C. 
Therefore 58 m p ~ .  of ammonia-nitrogen were formed per 100 C.C. 
Proportion of total nitrogen present as ammonia and 
amino-acids at the and of fennentrtion . . 47 per cent. 
Therefore 43 per cent. of the total nitrogen waa broken down to 
ammonia and amino-mid8 during fermentation. 
md 3 (hB0RaTOBY FERYENTATION, N . 63). 
This experiment was similar to No. 2. The incubation, however, was 
continued for a longer period, namely, fifty-one days. An analysis of the gaees 
at the end of fermentation showed oxygen to be preaent in appreciable 
quantities, from which it was assumed that there WBB either a slight leakage 
of air into the apparatus, or that there had bean diusion through the rubber 
connections, which were not of the heavy rubber usually employed. 
After fifty-one days, the combined pressure of the air evolved gases, and 
water vapur was only 407 mm. of mercury, 80 that the entrance of air must 
.have been taking place very slowly. 
DAPA. 
330 C.U. of milk; iterilired at 110' C. for tow-five minutes ; inoculated with H 14 ; 
incubated at 37" C. 
lnilid cbmpacitwn qfiudiun+ 
As for Experiment 2. 
Volume of p;ae per litre of medium . . . 232 C.C. 
Finnl content of amino-nitrogen . 127 mgrms. per 100 C.C. 
Therefore 114 mgrms. of amino-acid nitrogen were formed per 100 C.C. 
Final content of ammonia-nitrogen . . 67 nigrms. per 100 C.C. 
Proportion of total nitrogen present as amino-acid and 
Gba A.od&d (after allowing for the air ; approximate only)- 
Anrino-acid F- 
Ammonia F~~ 
Therefore 62 mgrms. of ammonia-nitrogen were formed per 100 C.C. 
ammonia at  the end of fermentation . . 43prcent. 
Therefore 39 per cent of the total nitrogen WIB transformed 
into amino-rcida and ammonia during the fermentation. 
VdatGa A d a -  
The total volatile acid6 formed were equivalent to 46.8 C.C. of an N/10 solution. 
B. hiatolyticus in Peptone Water. 
The fermentation of peptone water by B. histolyticus is character- 
istic and shows considerable differences from that by B. sporogenes. 
The fermentation is delayed, and gas production is very small. The 
ammonia production of B. sporogencs is quite large, and takes place at 
the expense of the amino-acids, so that there is less concentration of 
these at the end of the experiment. B. histolyticus does not exhibit 
this excessive production of ammonia, and in consequence the con- 
centration of amino-acids is greater at the end of the experiment. 
There is an increase in amino-acid nitrogen of 30 per cent. a8 the 
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0 
2 
24 
40 
72 
96 
iwsult of the activity of this organism in a medium in which a notable 
amount of nitrogen was initially in this form. 
The composition of the gas produced is the same aa that from an 
experiment with B. sporogenes, when the percentage of carbon dioxide 
wa8 70 per cent. 
Table 11. (EXPERIMENT 4). 
B. HISTOLYTICUS ON PEPTONE WATER. 
0 
0 
12 
19 
28 
25 
Gee. 
Litre. 
C.C. per 
Content of 
Amino. 
Nitrogen. 
Mgrms. per 
100 C.C. 
72 
85 
92 
96 
... 
... 
Amount of 
Amino- 
Nitrogen 
formed. 
Mgrms. per 
100 0.c. 
0 
13 
20 
24 
... 
... 
Content of 
Ammonia- 
Nitrogen. 
100 C.C. 
Mgrms. per 
13 
30 
36 
37 
... 
... 
Amount of 
Ammonia- 
Nitrogen 
formed. 
Mgnns. per 
100 C.C. 
0 
17 
23 
24 
... 
... 
Experiment 4 (LABORATOBY FERMENTATION, No. 54). 
A solution of peptone water waa prepared, using the tryptic broth of Cole 
This was sterilised, inoculated, and incubated in the and Onslow (1916 1). 
usual way. 
DATA. 
1600 C.C. of medium ; steriliid at 110" C. for forty-five minutes ; inoculated with H 14 (1) ; 
Initial C o m . i o n  of Medium- 
incubated a t  37" C. 
Amino-nitrogen . . 72 mgrms. per 100 0.0. 
Ammonia-nitrogen . * 13 8, ss 100 a ,  
Initial reaction . PRz6.95. 
GaaProohution- 
The amount of gse produced was extremely small, amounting to only 25 C.O. per litre. 
In order to obtain a sample of the gas for analysis, it was necessary to place the 
fermentation flask under water, and allow the water to enter untii the vacuum, 
which was almost complete, had dropped. A sample could then be taken. The 
figures are naturally only an approximation. 
. Volume of gas per litre of medium . . 26 C.C. 
Carbon dioxide . . 69 per cent. 
Hydrogen * 31 ID 
Amitw-acid Formation- 
Final content of amino-nitrogen , . Q6 mgrma. per 100 C.C. 
Therefore 24 mgrma. of amino-nitrogen were formed per 100 C.C. 
Ammonia F d i o n -  
Final contsnt of ammonia-nitrogen . . 37 mgms. per 100 C.C. 
Therefore 24 mgrms. of ammonia-nitpogen were formed per 100 C.C. 
Volatile A&- 
T h e  total volatile acids formed were equivalent to 15.9 C.C. of an N/10 solution. 
No examination as C the qudity of the acids WILE made. 
Abs~lutc m i o n -  
Final reaction of medium . . Pp=7'06. 
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B. histolytione on A h l i n e  Egg-Medium 
(See Appendix). 
On alkaline-egg medium this organism seems to develop with 
extreme difficulty. Only in one experiment out of the three about to 
be described was there a measurable amount of gas formed. In this 
case, after a prolonged incubation, there was a fair quantity of amino- 
acid and ammonia-nitrogen present in the fermented liquid, showing 
that the organism had managed to cause proteolyeis in the medium 
after overcoming the initial difficulties in the way of its development. 
This medium, evenwhen a fair amount of proteolysis has taken 
place, shows very little change in appearance, merely becoming more 
opaque, and changing its bottle-green colour to a creamy-white. The 
fermented liquid does not smell. 
-mt 6 (LABORATOBY FEBMENTATXON, No. 66). 
This fermentation was carried out on 250 QC. of medium contained in a 
Kjeldahl flask. After inoculation, the flask was evacuated and incubated in 
the usual way. 
DATA. 
260 C.C. of algsline-egg medium ; starilised at 110' C. for forty-five minutes ; inoculated 
Initid Campo&wn of Medium- 
with H 21 ; incubtad at Sl" C. 
Amino-nitrogen . . 6 mgrma. per 100 C.C. 
Ammonia-nitrogen . - 2 9 9  Y 9  100 Y Y  
QaaM&+ 
d m i n o - d  -h- 
Racee of ges only. 
Find content of mino-nitrogen . . 11 mgrms. per 100 e.~. 
Therefore 6 m v .  of amino-nitrogen were formed per 100 0.0. 
Ammonia Fomdion- 
Final content of ammonia-nitrogen . . 6 mgrma per 100 C.C. 
Therefore 4 mgrmn. of ammonia-nitrogen w m  formed per 100 O.C. 
msperimsnt 6 (LABOBATOBY PERIDENTATION, No. 66). 
This experiment was similar to No. 5, except that incubation was con- 
Analysis of the fermented liquor 
There was also a 
tinued for a longer period, seven weeks. 
showed that considerable proteolysie had taken place. 
formation of gas. 
DATA. 
260 C.C. of &dine-egg mediam; aterilisad at 110" C. for forty-fi~e minutes; inoculated 
Initid Comparith of Afdium- 
Qaa prodvdion (approximate figures only)- 
with H 21 ; incubated at S'I" 0. 
As for Experiment 6. 
Volume of g~ per litre of medium . . 400 C.C. 
Csrbondioxide . . 26 per cent. 
Hydrogen. * 76 9 ,  
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Amino-add F d +  
Find content of amino-acid nitrogen . . 66 mgrma. per 100 C.C. 
Therefore 61 mgrmn. of amino-nitrogen were formed per 100 C.C. 
Final content of ammonia-nitrogen . . 28 mgrmr. per 100 C.C. 
Therefore 26 mgrma. of ammonia-nitrogen were formed per 100 C.C. 
d m ~ h  F d h -  
grperiment 7 ( L ~ B O ~ ~ T O R Y  F E R ~ A T I O N ,  No. 57). 
This experiment was similar to Experimente Nos. 6 and 6, except that the 
Traces of gas only were observed from the incubation period was five weeke. 
fermented liquid. 
DATA. 
250 C.C. of alkaline-egg medium ; aterilised at 110" C. for forty-five minutea ; inoculated 
with H 20 ; incubated at 97" C. 
Initial Cmpositwm of Hedim- 
A8 for Experimenta 5 and 6. 
&a Production- 
Traces of gas only. 
Amino-acid Bwnatwn- 
Final content of amino-nitrogen . . 22 mgrms. per 100 C.C. 
Therefore 17 mgrms. of amino-acid nitrogen were formed per 100 C.C. 
Final content of ammonia-nitrogen . . 6 mgrms. per 100 C.C. 
Therefore 4 mgrms. of ammonia-nitrogen were formed per 100 C.C. 
Amnronia Formath- 
B. hietolytims on Cooked-Meat Medium 
(See Appendix). 
By far the best growth with B. histolyticus is obtained on cooked- 
meat medium. The particular medium we used is a modification of 
one described by Miss Robertson (19 16 '). Instead of using the 
heart muscle of the bullock, we used that of the horse. 
As prepared by us, the solid matters of the broth were so finely 
divided that, after stirring, they only settled out very slowly. They 
passed easily through a tube of 5 mm. bore. Thus it was possible to 
obtain good samples of the liquid duriug fermentation. 
The 
supernatant liquid becomes cloudy, and within twenty-four hours 
small bubbles of gas may be observed. The fermentation will 
continue from two to three weeks, though the metabolic changes 
eventually take place so slowly as to be almost unmeasurable except 
at long intervals. 
When the bacillus is grown in cooked meat, in ordinary culture 
tubes and without agitation, bundles of white, needle-shaped crystals 
separate out. In  
large-male experiments, where agitation is necessary for the purpose 
of sampling, these crystals are not observed. 
In addition to the formation of amino-acids and ammonia, the 
The bacillus quickly shows signs of growth in this medium. 
We have assumed theee to consist of tyrosine. 
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kmentation of this medium is accompanied by the production of 
large quantities of volatile acids. Fixed acids are undoubtedly 
produced at  the same time, but were not sought for in this 
investigation. 
The absolute reaction of the cooked-meat medium changea very 
little during fermentation. Owing to the poisonom action of the 
liquid on the palladium-hydrogen electrodes (due, no doubt, to the 
aulphuretted hydrogen present), extensive experiments on the hydro- 
gen-ion concentration were not performed, but we observed that the 
changes in reaction were only very slight. 
Cooked-meat medium is not of a very definite composition; its 
properties seem to vary with the freshneea of the horse’s heart used. 
Thus, in one experiment, we obtained a very vigorous phase of gaa 
production almoat immediately after inoculation. In other experi- 
ments this initial phase was absent. We are inclined to attribute 
. these differences to variations in the glycogen and glucose content of 
the heart muscle. 
In the following experiments we used three different concentra- 
tions of nitrogenous matter. There are marked individual differences 
in the results of the experimente, but extensive proteolpsis and large 
formation of volatile acids are common to them all. 
Among the fermentation products, hydrogen sulphide ie found. 
It is only present in small quantities, and is not easily noticed in 
fermentatiom carried out in culture tube6 under paraffin, from which 
the gas can easily escape as formed. In closed-flask experiments, 
however, there is a strong smell of the gas, and a positive test can be 
easily obtained with lead acetate paper. 
After about ten days’ fermentation, the meat is so disintegrated 
by the action of the bacteria that the medium can be drawn into the 
capillary end of an ordinary 26 ac. pipette. 
Long continued fermentation produces a most nauseoua smelling 
liquid. 
Experiment 8 (LABORATORY FEEWINTATION, No. 58). 
1600 C.C. of cooked-meat medium were prepared from horse’s heart mwle .  
The broth was sterilised in a large fermentation &esk in the ordinary way, and 
inoculated with a culture of B. hietolyticue. A vacuum was made in the flask, 
which was then incubated. After inoculation, the gaa production was 
observed, and samples of the liquid withdrawn for analysis from time to time. 
Four and a half hours after 
seeding, the 1600 C.C. of medium had produced 786 C.C. of gas. Analysis of 
the fermented liquid at the end of thie vigorous period showed that practically 
no probolysia had taken place. On the other hand, the reaction of the liquid 
had become decidedly acid, having changed from P,=6’46 to P,=6*96. 
Thus it would appear that this opening phase of gas production is accompanied 
by the formation of acids, probably at the expense of the glycogen or glucose 
content of the meat. 
After this initial vigorous phase, there was a falling off in the production 
The fermentation began almost immediately. 
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of gas for a period of twenty-nine hours. During this time, aa shown by 
Table III., active proteolysis waa taking place. Twenty-four h o w  after 
seeding, a second evolution of gas began, which continued with steadily 
decreasing vigour throughout the experiment Gaa readings were not taken 
after the seventy-second hour, but gas continued to be formed in small 
quantities. The amount of aminmuid nitrogen in the liquid reached its 
height about this time, and then fell off slightly. Ammonia continued to be 
formed, reaching the very high figure of 694 mgrms. per 100 C.C. of liquid 
after 191 hours. Sulphuretted hydrogen waa present in the liquid twenty- 
four hours after inoculation. 
During the fermentation the reaction of the liquid only altered very 
slightly after the fir& change towards acidity during the first four hours. 
The tendency was for the medium to remain in the region of neutrality ; this 
neutrality being maiptained by the simultaneous formation of acids and bases. 
When the fermentation had ended, a portion of the fermented liquid wa8 
made frankly acid to Congo-red with sulphuric acid, and exhaustively steam- 
distilled. The distillate was exactly neutralised with normal soda, and then 
concentrated to a small volume. On acidification of the concentrated solution 
g:f 
Table 111. (EXPEBIXIOBT 8). 
B. EISTOLYTICUS ON COOKED MEAT. 
Couteut of A;zk"' Content of 
Gag. Amino- Nitrogen Ammonia- 
C.C. per Nitrogen. Nitrogen. 
Iitre* Mf$tcy Mgrms. per Mgrme. c.c. per 
100 C.C. 
31 
71 
191 
47 
I I I 
874 ... ... ... 
1068 200 168 210 
... 181 149 694 
... ... ... iisa 
Amount of 
Ammonia- 
Nitrogen 
formed. 
Mgrms. per 
100 C.C. 
0 
2 
99 
194 
678 
... 
... 
Absolute 
Reaction 
pri. 
8-46 
5.95 
6-75 
6 -73 ... ... 
with sulphuric acid, there was an immediate separation of the volatile acids 
into a layer. These acids were removed by extraction with ether in a liquid 
extractor for twenty-four hours. The ethereal extract was dried over sodium 
sulphate, and the free acids obtained after removal of the ether by evaporation. 
About 10 QC. of the pure acids were obtained from 600 C.C. of the fermenta- 
tion liquid. 
The acids were carefully examined by Dyer's method (19172). A pre- 
liminary distillation showed the presence of acetic and butyric acids, and 
maybe traces of other acids diilicult to identify in such a mixture. 
The proportions indicated by the logarithmic curvw were 2 parts of 
butyric acid to 1 of acetic. These figures were codrmed by carrying out 
two distillations on equal parts of the acid solution by Dyer's method, and 
then adding corresponding fractions, neutralising, concentrating, and redis- 
tilling in the manner suggested by Wolf aud Telfer (Zoc. cit.). This con- 
h a t o r y  experiment was useful in showing that only very small traces of 
other acids could be present. 
After the acids had been removed from the liquor, the latter was made 
alkaline with soda and distilled to remove the volatile base. This waa finally 
purified in the form of the hydrochloride, and found by simple quantitative 
hats to be ammonia. 
' 
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Part of the gae produced WBB lost by accident, but a portion, collected over 
water, waa analysed and found to contain 35 per cent. of carbon dioxide. 
DATA. 
633 grms. of horse's heut murole wed td make 1600 C.C. of medium ; stsliliwd at  110' C. 
I n W  Compouitiim of Medium- 
for forty.five minutas ; inoculated with H 26 (1) ; incubstad a t  37. C. 
Totalnitrogen . . 1066 mgrms. per 100 0.0. 
Amino-nitrogen . . 32mgrms. ,, 100 ,, 
Proportion of total nitrogen originally present ( ~ 8  am- 
Volatileacids . . 3 0.0. N/lO mlution per 100 0.0. 
(Thin corresponds roughly to a protein content of 6'6 per cent.) 
Ammonia-nitrogen . * 16 8, 8 ,  100 )J  
monk and amino-acid nitrogen . . 4dpercent. 
Initialresetion . . P==6.46. 
G h  A.oduction (up to the seventy-first hour only>- 
Volume of gas per litre of medium . . 1132 C.C. 
Uubon dioxide' . . 86percent. 
Hydrogen * 65 1,  
AmiR4-ocid Formcrtiorr- 
Final content of amino-nitrogen . . 181 mgrms. par 100 C.C. 
Therefore 149 mgrma. of amino-nitrogen were formed per 100 C.C. 
AmrnoAio F d h -  
Final content of ammonia-nitrogen . . 694 mgms. pe? 100 0.C. 
Proportion of total nitrogen present .B amino-acids and 
Therefore 678 mgrme. of ammonia-nitrogen were formed per 100 C.C. 
ammonia at the end of fermentation . . 78-6psscent. 
Therefore 69 per cent. of the total nitrogen WUI tramformed into 
amino-acid and ammonia-nitrogen during fermentation. 
F'oZatib A&- 
100 C.C. 
m o l d e n  of butyric to one of wetic. 
The total volatile acids formed were equivalent to 267 0.0. of N/lO fhlution per 
The reids R ~ B  mainly butyric and scetic acids, prewnt in the proportion of two 
Thus there were produced per litre of medium- 
16.2 gnnn. of butyric acid. 
6.2 grms. of -tic acid. 
IWiwrtfon of thd VohW Baae- 
The total volatile b a ~  formed corresponded to 678 mgrmr. of nitrogen p r  100 0.0. 
A portion of the hydrochloride of the base wan first titratad @t rt.ndard silver 
Weight of hydrochloride . , 0-6316gnas. 
Made up to 100 c.c with dbtilled rates. 
10 C.C. of thin solution required 9-66 0.0. N/lO silver solution. 
Chlorine found in aalt . . 84'4percent. 
Chlorine calculated for ammonium-chloride . . 66.4 ,, 
The nitrogen content of the salt WM determined by distilling 20 C.C. of t h e  above soln- 
tion, after the addition of an exceIy of 4% into 26 C.C. of N/lO dpharic roid. 
20 C.C. of solution required 19% C.C. N/lO acid. 
Nitrogen found in salt . . 25'6percent. 
Nitrogen calcnlatsd for ammonium chloride . . 26-1 ,, 
From 1 litre of medium there were produced 8'1 p s .  of ammonia. 
On 63 per cent. of the ga8 only ; it could not be coneidered a fur  atample of the 
nitrate solution. 
Therefore the volatile bane ia ummmria 
whole gun. 
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Experiment 9 (LABORATORY FEUENTATION, No. 59). 
This experiment was carried out in a cooked-meat medium similar to that 
used for Experiment 8. 
The fermentation waa much lese vigorous; gaa production waa not so 
intense; and, further, the initial period of gas formation was absent. 
Analyses of the liquid were only made before inoculation, and after fermenta- 
tion had proceeded for 216 hours. The gas production was only observed up 
to the iifty-ninth hour. 
The volatile acids were removed by distillation and examined by Dyer's 
method. They were found to consist in the main of acetic acid, with only 
the smallest traces of other acids. In this respect the fermentation differed 
from Experiment 8, where large amounts of butyric acid were produced in 
addition to acetic acid. 
DATA. 
500 grms. of horee'a heart muaole to make 1600 C.C. of medium ; steriliaed st 110" C. for 
forty-five minutea ; inoculated with H 27 (1) ; incubated a t  87" C. 
In*i.al clnnpO&ivn of McOXu- 
Totalnitrogen , . 1039 mgrma. per 100 O.C. 
Amino-nitrogen . . 81 mgrma. per 100 C.C. 
Proportion of total nitrogen originally present as am- 
Volatile acids . . 3 C.C. of an N/10 solution per 100 C.C. 
(This corresponds roughly to a protein content of 6'4 per cent.) 
Ammonia-nitrogen . * 18 1, I1 100 I ,  
monia and amino-acid nitrogen . . 4.7 per cent. 
Absolute reaction . . Pa=6%7. 
Gm A.odzcction (up to fifty-ninth hour only)- 
Volume of gee per litre of medium . . 660 C.C. 
Carbon dioxide . . 96-2 per cent. 
Hydrogen . . 3-8 , I  
Final content of amino-nitrogen . Amino-acid Formatkvn- . 839 mgrms. per 100 C.C. 
"herefore 808 mgrms. of amino-nitrogen were produced per 100 C.C. 
Final content of ammonia-nitrogen . . 309 mgrms. per 100 C.C. 
Proportion of total nitrogen present as ammonia and 
Ammonia Formation- 
Therefore 291 mgrms. of ammonia-nitrogen were produced per 100 C.C. 
amino-acid nitrogen at  the end of fermentation . 62.4 per cent. 
Therefore 57'6 per cent. of the total nitrogen was transformed into 
ammonia and amino-acid nitrogen during fermentation. 
Vdatilc A&a- 
100 C.C. 
The total volatile acids formed were equivalent to I99 C.C. of an N/lO solution per 
Thus there would be per Zitre of medium- 
12'12 grms. of acetio acid. 
Experiment 10 (LABORATORY FERMENTATION, No. 60). 
For this experiment the medium was prepared so as to be comparatively 
dilute. Samples were taken from the fermenting liquid at intervals and 
analysed. 
The volatile acids were examined by Dyer's method, and found to consist 
mainly of acetic acid, with small traces of other members of the fatty acid 
series, not identified. 
The gas production was measured. 
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12 
84 
150 
178 
203 
216 
... 
... 
... 
DATA, 
426 grma. of horae'r heart mnrcle to make 1700 C.O. of medium ; sterilii at 110" C. for 
Initial Compasitwn of Midim- 
forty-five minutes ; inoculated with H 32 (2) ; incubated at S?' C. 
Totdnitrogen . . 783 m p s .  per 100 C.C. 
(This correrponL roughly to a protein content of 4-9 per cent.) 
Amino-nitrogen . . 26 mgrms. per 100 CC. 
Proportion of totel nitrogen originally present PLI amino- 
acid nitrogen and ammonia . . 4'8percent. . 
Volatile acids . 
Volume of gas per litre of medium . . 664 C.C. 
Carbon dioxide . . 96percent. 
Ammonia-nitrogen , * l2 8 9  Y S  loo JY 
. 2 C.C. of N/10 solution per lo0 C.C. 
Q a P r O d & b  
Hydrogen. 4 11 
Table IV. (EXPERIMENT 10).
B. EISTOLYTICUS ON COOKED MEAT. 
0 
72 
138 
166 
191 
204 
... 
... 
... 
Time in 
Honre. 
0 
6 
23 
72 
96 
120 
144 
264 
48 
GSa 
C.C. per 
Litre. 
0 
15 
134 
282 
383 
465 
512 
657 
654 
Content of 
Amino- 
Nitrogen. 
Mgrms. per 
100 GO. 
26 
121 
194 
220 
244 
32s 
... 
... 
... 
Amount of 
Amino- 
Nitrogen 
formed. 
bigrms. per 
100 C.C. 
0 
97 
194 
... 
168 
218 
... 
... 
297 
Amino-& FonnaJion- 
Find content of amino-nitromn . . 323 mgrms. per 100 C.C. 
Therefore 297 mg&. of amino-nitrogen were prcduced per 100 C.C. 
Find content of ammonia-nitrogen . . 216 mgrma. per 100 C.C. 
Therefore 204 mgrma. of ammonia-nitrogen were formed per 100 C.C. 
Proportion of total nitrogen preaent .XI amino-acid and 
Ammonia Fomahn-  
ammonia-nitrogen at the end of fermentation . 6 8 * a p r ~ n t .  
Therefore 64 per cent. of the tots1 nitrogen wan transformed into 
amino-acid and ammonia-nitrogen during fermentation. 
VoZatUe Acid&- 
The totel volatile acids formed were equivalent to 141 C.C. of an N/10 solution per 
100 CC. 
Thue there would be pm Zi t *s  of mdium- 
8-66 p a .  of acetic acid. 
Experiment 11 (LABOFUTOBY FEIWENTATION, No. 62). 
For thie experiment a concentrated cooked-meat medium was prepared by 
adding to a quantity of h e l y  minced horse's heart muscle its own weight of 
14 
:ontent ot 
Volatile 
Acidr. 
: & g o  
loo 'ac. 
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":$;&Of 
&!,%. 
C.C. ypo 
8olnhon 
per 100 c.c. 
water. The thick broth so obtained was sterilised in the usual way and 
inoculated with a culture of B. histolyticw. 
During fermentation, gas production was noted, and samples of the 
fermenting liquid withdrawn at intervals and analysed. I n  addition to 
estimations of the amount of ammonia and amino-scid nitrogen, the quantity 
of volatile acid at  each stage waa determined by the exhaustive distillation of 
a portion of the broth. 
From the data thus obtained, curves were plotted, showing the formation 
of the various products. 
From Fig. 1 it is seen that the fermentation began shortly after inocula- 
tion. During the first six hours there was a very rapid formation of gas, 
which preceded any extensive production of the other m'easured product. 
It may be that this large quantity of gas accompanied the formation of 
considerable amounts of fixed acids. I n  confirmation of this, measurements of 
the absolute reaction at this point showed the liquid to have become decidedly 
acid, although the amount of volatile acid formed was so far very small. 
Table V. (EXPERIMENT 11). 
B. HI8TOLPTICUS ON COOKED MEAT. 
4 '4 
10'8 
iiL1:e 
71.2 
168.0 
212.0 
300'0 
624'0 
58'2'0 
Time in 
HOW. 
_ _ _ ~  
0 
6 -4 
ii:p 
66.8 
163.6 
207-6 
296.6 
519'6 
5f7'6 
0 
4 -6 
6 
6 '6 
14 
24 
30 
49 
72 
120 
144 
GUS. 
0.c.  per 
Litre. 
0 
116 
421 
436 
642 
1001 
1326 
1977 
2760 
2906 
2926 
Content of 
Amino- 
Nitrogen. 
Mgrms. 
per 100 C.C. 
42 
42 
68 
216 
346 
388 
340 
180 
... 
... 
... 
Amount ot 
Amino- 
Nitrogen 
formed. 
Mgrrns. 
per 100 C.C. 
0 
0 
26 
174 
304 
346 
298 
138 
... 
... 
... 
Content ol 
Ammonia. 
Nitrogen. 
MIgrms. 
per 100 C.O. 
26 
26 
38 
147 
326 
664 
708 
... 
... 
I020 
Amount of 
Ammonia- 
Nitrogen 
formed. 
Mgrms. 
ier 100 C.C. 
0 
0 
12 
121 
300 
628 
682 
994 
... 
... 
... 
At the twelfth hour, proteolysis was proceeding very rapidly. The rate of 
formation of amino-acids reached a maximum about this time, and then 
gradually fell off, until, fifty hours after inoculation, amino-acids began to 
disappear from the fermenting medium. Doubtless they were being trans- 
formed into ammonia, the production of which continued steadily. The 
average amount of amino-acid nitrogen which dieappeared was about 
14 mgrms. per six hours, whilst 26 mgrms. of ammonia were formed during 
this time. Thus, the ammonia at  this stage was not entirely due to the 
breaking down of the disappearing amino-acids, but must have come in part 
from the higher complexes. 
The maximum production of volatile acids, accompanied by a large forma- 
tion of gas, extended over a period of twenty-four hours from the forty-eighth 
hour. At the seventy-second hour there was a considerable decrease in the 
rate of production of both volatile acids and gas, and at 144 hours this fell 80 
as to be practically negligible. 
The proteolysis during fermentation was very great, 77 per cent. of the 
total nitrogen having been degraded to the form of ammonia and amino-acid 
nitrogen. 
No invaetigations were carried out as to the nature or quantity of the fixed 
acids formed. Volatile acids were present in large quantities, They consisted 
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mainly of acetic and butyric acids, the former being in exces8. The presence 
of small amounts of other members of the volatile fatty acid series rendered 
the accurate estimation, by Dyer's method, of the proportione of the two main 
acids practically impossible. 
In spite of the presence of SO much volatile acid (eufficient to give an 0.6 
normal solution), the fermented liquid at  the close of fermentation had 
a reaction very close to neutrality. Contributing to this state of affairs were 
the presence of sufficient ammonia to give an 0.7 normal solution, the  
undetermined fixed acids, and the buffering influence of the amino-acids. 
' Unfortunately it was impossible to study closely the absolute reaction of the 
medium on account of the "poisoning" action of the hydrogen sulphide 
present on the palladium-hydrogen electrodes. 
DATA (see elno Figure 1). 
800 grms. of horse's heart m u c h  t o  make 1600 C.C. of medium ; nterilised at  110" C. for 
Inittizl Composition of Medium- 
forty-five minutes ; inoculated with H 38 ; inoublrted at  37" C. 
Total nitrogen . . 1473 m p s .  per 100 C.C. 
(This corresponds roughly t o  a protein content of Q.2 per cent.) 
Amino-nitrogen . . 42 mgrms. per 100 C.C. 
Ammonia-nitrogen . 26 , I  I ,  100 I ,  
Proportion of total nitrogen originally present as amino- 
Volatile acids . . 4'4 C.C. of an N/10 solution per 100 C.C. 
Abaolute reaction . , P,=6.77. 
acid and ammonia-nitrogen . . 4'6 per cent. 
Gas Productim- 
Volume of gas per litre of medium . . 2926 C.C. 
Carbon dioxide . . 82 per cent. 
Hydrogen. . 18 I ,  
Amino-mid F m a t i m -  
Final con tent of amino-acid nitrogen . . 180 mgrms. per 100 C.C. 
Therefore 138 m5me.  of amino-nitrogen were formed per 100 C.C. 
Final content of ammonia-nitrogen . . 1020 mgrms. per 100 C.C. 
Therofore 994 mgrms. of ammonia-nitrogen were formed per 100 C.C. 
Proportion of total nitrogen present as amino-acid and 
AWIWILWZ~U F m t i o n -  
ammonia-nitrogen at the end of fermentation . 81'4 per cent. 
Therefore 76.8 per cent. of the total nitrogen was transformed into 
amino-acid and ammonia-nitrogen during fermentation. 
Volatile Acids- 
100 C.C. 
members of the volatile fatty acid series. 
The total volatile acids formed were equivalent t o  577.6 C.C. of an N/10 solution per 
The acids consisted mainly of butyric and acetic acida, with small quantities of other 
Absolute Reaction- 
The absolute reaction, 4.6 hours after inoculation (during the first rapid evolution of 
N o  other determinations were made. 
gas), was Px=6'30. 
CONCLUSIONS. 
The results detailed in the foregoing experiments tend to show 
that in B. histolyticus we possess an organism whose biochemical 
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characteristics account for the fulminating character of the patho- 
logical lesions described by Weinberg and Sdguin. 
B. histolyticus has a very remarkable proteolytic action which is 
not only concerned with the production of amino-acids. Its deamin- 
ating power is so great that, in a meat suspension containing 
1473 mgrma of total nitrogen per 100  c.c., 1 000 mgrms. of ammonia- 
nitrogen are formed after 144 hours' fermentation. 
During the production of ammonia the reaction of the medium 
remains fairly constant. Consequently there must be a large 
simultaneous formation of acids. We have not had the opportunity 
of investigating the fixed acid production, but the volatile acids 
formed reach the high level of an 0.57 normal acid solution. 
Reckoned as butyric acid this would be equivalent to a 5 per cent. 
solution of the acid. When one takes into account that large 
quantities of fixed acids are undoubtedly formed at the same time, 
it is evident that the capacity for acid production is very great indeed. 
Weinberg and SBguin did not observe that any formation of gas 
took place when animals were infected with B. hidolyt&. We find 
that the gas production is very greatly influenced by the nature of the 
medium, and not at all in the sense one might anticipate. Lactose 
is but slightly attacked and is partially hydrolysed. Peptone solution 
to which glucose has been added does not appear to give so good 
a growth as a simple peptone solution. 
Peptone 
water gives a minimal gas production. Alkaline egg is also not 
vigorously attacked. Whether this is associated with the high PH of 
this medium we are unable to say. 
The medium in which most vigorous catabolism and greatest gaa 
production are found is that supplied by cooked meat. The course 
of the reaction is a complicated one, for it is apparently determined 
by the protein content of the suspension. The fermentation is leas 
vigorous the lower the protein concentration. The gaa production on 
cooked meat takes place in two phases, the earlier being the more 
vigorous. The mechanism of this initial gas production is difficult to 
explain. The sugar content of the medium is minimaL Glycogen 
estimations were made of the cooked horse's heart, and amounts of 
this substance less than 0.01 per cent. were found. Acids are 
produced, for the reaction of the medium becomes definitely more acid, 
and a quantity of volatile acid is shown to be present on analysis. 
But with this acid and gas production in the absence of obvious 
carbohydrate, there is no increase in ammonia and amino-acids. One 
is therefore forced to find an explanation other than a production from 
amino-acids or from carbohydrate. The only material which would 
appear to be available is the nitrogen-containing carbohydrate moiety 
of protein. It would seem, therefore, that the acid and gas production 
are preceded by a splitting off of a glucosamine group which is 
The behaviour towards protein is somewhat dietinctive. 
2-JL. O? PATE-VOL. XIU. 
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NO. 
1 
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62 
53 
64 
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68 
67 
68 
60 
61 
82 
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Medium. 
Milk 
Peptone water 
Alkaline egg 
Cooked meat 
Table VI.-B. HISTOLYTICUS. 
___- 
INITIAL COMPOSITION OF MXDNU. 
Nitrogenous Matter. 
- 
Total 
iitrogen 
Mgrins. 
loo C.C. 
per 
448 
448 
1068 
1039 
783 
1473 
Aniino- 
Nitrogen. 
Mgms. 
per 
100 C.O. 
a2 
31 
98 
42 
rnmonis 
litrogen. 
Igrms. 
Loo C.C. per 
- 
6 
6 
6 
13 
2 
2 
2 
16 
18 
12 
26 
- 
- 
Propor- 
tion of 
TOW 
litrogen 
present 
nd NHJ. 
BB NHp 
__ 
'er cant. 
4'0 
4 '0 
4 '6 
4 .7 
46 
4'8 
- 
I 
Volatile 
Acids. 
I.c. Nil0 
3olution 
loo C.C. 
per 
0 
0 
3 
8 
3 
2 
4 '4 
Amount of gse up to 7lat hour only. 
Initial 
lesction 
hl. 
~ 
8.18 
.. 
606 
a.7 
8'7 
8.7 
8'46 
8'67 
677 
- 
iborn- 
,ory No. 
of 
Culture 
used ld 
seed. 
H 6  
H 14 (2) 
H 14 (2) 
H 14 (1) 
H 21 
n 21 
H 21 
H26(1 
H 27(1 
H 38(2 
H88 
- 
No. ot 
Houre.' 
permen- 
tation. 
- 
584 
720 
1224 
06 
980 
1178 
840 
101 
218 
284 
144 
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SUMMARY OF EXPERIMENTS. 
FINAL Oousoamor OF MEDIUM. 
Nitrogenous Matter. 
Amino-Nitrogen. 
__. 
bnonknt. 
blgm. 
per 
loo C.C. 
- 
183 
160 
I27 
98 
11 
50 
ez 
181 
889 
328 
180 
- 
.__ 
Lmount 
O T l U e d  
u r n .  
100 C.C. 
per 
- 
178 
187 
114 
24 
0 
51 
17 
149 
308 
207 
138 
- 
immonia-Nitmgen. 
- 
kntent. 
Kgrms. 
per 
100 C.C. 
- 
87 
88 
87 
87 
0 
20 
0 
504 
808 
210 
1020 
- 
Pro- 
portion 
>f TOW 
litrogen 
present 
M N& 
nd NHs, 
'er cent. 
470 
15.0 
.. 
76.6 
02'4 
88'8 
81'4 
- 
Pro- 
mrtion 
I! Total 
itmgen 
trans 
' O n l l e d  
during 
erment 
rtion. - 
'er cent 
43'0 
990 
m.0 
57'6 
84.0 
78'8 
- 
Volatile Acids. 
- 
Jontent. 
lolution 
per 
100 C.C. 
;.c. rrpa 
- 
42.8 
40'8 
189 
moo 
202-0 
1430 
688.0 
- 
- 
Lmount 
O r m e d .  
I.c. NpO 
blution 
Per 
100 c.a 
- 
lZ'8 
40'8 
159 
is76 
1990 
142.0 
677% 
- 
t Amount of g w  up to 69th hour only. 
- 
d 
f 5J 
2 
- 
'26 
.. 
' 0 6  
.. 
.. 
.. 
.. 
- 
__ 
'olume 
f Qaa 
'.C. PQ 
Litre. 
Ha 
p r  
cent. 
- 
21'6 
23.0 
3l-0 
75 0 
Q.8 
4 0  
1 8 0  
- 
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attacked to form acid and gas. The amount of nitrogen transformed 
to ammonia in a reaction of this kind would be small compared with 
the amount of carbon dioxide produced, provided that acid formation 
was not prominent in this reaction. The maximum comparative figure 
for gas production from glucosamine is where 100  mgrms. of nitrogen 
would yield 950 C.C. of carbon dioxide, but the actual ratio would be 
much lower owing to the formation of acids. 
I n  the last cooked-meat experiment, the two curves which follow 
one another most closely are the gas curve and the volatile acid curve. 
The acid production takes place in two phases, as does the formation 
of gas, so that, as we have suggested in a previous paper, the process 
of carbon-dioxide formation is partly due to a degradation of organic 
acids of B type similar to the &ketonic oxidation of Knoop (1904 7). 
In the present instance the process must be a very specific one, for we 
find that the resulting acids are almost entirely butyric and acetic 
acids. 
It is unfortunate that we are unable to compare the action of 
B. histolytious on cooked meat with the action of B. porogerus on this 
medium. Experiments with the latter organism are lacking, but we 
hope at a future date to supplement our previous study by' an 
examination of the metabolism of B. sporqenes when grown on cooked 
meat. 
SUMMARY. 
B. histolyticus is essentially a protein-splitting organism, and 
attacks certain protein media with great inteneity. Amino-acids, and 
especially ammonia, are formed in the reaction. At the same time 
large quantities of volatile acids are formed. These are chiefly butyric 
and acetic acids. 
The composition of the gas produced varies with the medium ; on 
cooked meat the carbon dioxide content may be as high a8 
96 per cant. 
APPENDIX. 
Cooked-Meat Medium. 
Take 500 grms. of home's heart, free from fat and gristle, cut into 
pieces, pkce in a casserole and just cover with tap water. Cook 
thoroughly over a small flame. Pour off the liquid into a tared 
beaker, and then mince the solid residue by passing two or three times 
through a fine mincer, till the meat is in a fine state of division. 
Add the minced meat to the cooking water in the beaker; add tap 
water till the total weight of the broth is 1000 grms. (This yields 
a very thick broth containing about 10 per cent. protein. If required, 
therefore, more water may be added at this stage, till the total weight 
is 1500 grms. or 2000 grms.) 
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When the water has been added, break down any small l u m p  in 
the mince between the fingera Add normal sodium hydrate till the 
medium is faintly alkaline to litmus, or better, till it just fails to turn 
coralline paper yellow. Tube, and sterilise at 11 0" C. for forty-five 
minutes. After sterilisation, the reaction of this medium is from 
PH = 6.5 to PH = 7.0. 
Alkaline-Egg Fluid.' 
The yolk of one egg and the whites of two are beaten up in 
a beaker ; add 6 C.C. of normal sodium hydrate solution ; add 500 C.C. 
of tap water by degrees. Heat very slowly to 95" C., keeping the 
mixture a t  this temperature for an hour or longer; filter through 
cotton wool and muslin. Autoclave at 115' C. for twenty minutes. 
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